

• ; ,s. } ^ V,* ; ■ ;r ;'^ _ y’. , rA ,’ 






K" 








>(' , .■ 







(HASa-TH-80102) COMPARATIVSI ANALYSTS OP 
PA-31-350 CHIEFTAIN (N44LV) ACCtDBNT AND 
NASA CRASH TEST DATA (NASA) 59 O 
HC A04/MP A01 “ CSCL OIC 


N79-33172 


nnclas 


63/03 39067 





4 






\ 



" ■ 1 ■. . 



\ \ 



NASA Technical Memorandum 80102 


Comparative Analysis of PA-31-350 
Chieftain (N44LV) Accident 
and NASA Crash Test Data 


Robert J. Hayduk 
Langley keseanh Centef 
Hampton, Virginia 


(WVSA 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Branch 


19/9 


SUMMARY 

controllS «ash*'t6sts®^f^8lffi^ has conducted 20 Uull-soale, 

Planes. This paper contains the JSs^lL op general aviation air- 

airplane crash (Piper PA-31 -350 Chieftain <N44?v?*f^*^^l^ru actual 

The purposes of such a comparison ««s*» test data 

simulations, to assess seat and floor behavior* and full-scale crash test 
levels esperlencea the people klll«j i„ 

Prlor*S Cfiefteln.s attitude Just 

ellghtly yawed to thrlS“'^ tjght, “d 

probably impacted on the nose a seooSd tine suStg^^UoSed'd^wn'' ’ 

but amoh greater thaUrthat S the NAm"t°*t^'’* sinilat to, 

tudes. This suggests that the veLlLf^L?^?^ similar impact atti- 

tain crash exceeded those in the NaL controlled velocities in the Chief- 
similarity in damage patterns betw^ Sf JhielLJf^®; However, the marked 

indicate that the pasa tests ptovlde a good slnuja"t“n" oTaJ^anTJehtSr" 

Chle(Slr;as‘’’LnX’'tf^“\rtJe^n^1e“?s^rr 

eevere distortion indicative of a MgS^Cct 'veJ^ciV""^’'^" 

alae oT^S’chtfSL^ “ «■* right-hand 

and lOg transverse. ^ exceeded 60g normal, 40g longitudinal, 

ties :Se“Ls:id‘ aXl“es "^a^TKjr^uS a-eleration histo- 

accident information to better define crash r. augment 

loads imposed on airplane occupants during^a c?fsh!°"* severity of 


tration (m? haSroperS''rjSnrpriJrS^W Aviation Admlnis- 

eratlng an understanding of structural df^a! 5 \ a<^ 9en- 

safety of general aviation airplanes in this which affect the crash 

20 controlled full-scale crash tSt^of sl^^i conducted 

aviation airplanes (refs. 2 to 5) Ensrow twin-engine general 

concepts and seat concepts are also fuselage structural design 

in future aircraft designs (ref. 6). ^ investigated for possible application 





On Auguab 30, 1978, twln-ongino Ptpor PA"31"3S0 ChloCtain (N44I,V), oancy- 
ing nine pnonongoca and a pilot, craah'-landod In tho donart ehortly aUtor 
taking odC Crom tho North Lao Vogaa Airport. All 10 poreono onboard Piper 
PA-31-350 ChioCtain (N44LV) woro killed. (National Trnnnportation SaCoty 
Board report NT8B-AAR-79-8 dotolla the probablo oauaoa of tho aooidont. Soo 
roC. 7.) Tho ChioCtain oraah was oC particular Intoroat booauoe the airplane 
stayed osaentlally intact, there was no fire, and tho Chieftain lo olmllar to 
tho standard Piper Navajoa used in the LaRC tests. LaRC personnel with tho 
assistance and cooperation of the National Transportation Safety Boord (NTSB) 
visited tho crash alto to detormino what could be learned relevant to tho con- 
tinuing crash safety program at LaRC. 

This report contains the results of a comparative study of the Chief- 
tain crash and NASA crash test data. The purposes of such a comparison are 
threefold: (1) assessment of the full-scale crash t6st simulation at LaRC; 

(2) assessment of seat and floor behavior; and (3) estimation of the accelera- 
tion levels experienced by the people killed in the Chieftain crash. The next 
three sections of the report present a brief outline of the NASA/FAA General 
Aviation Crash Dynamics Program, a description of the Piper PA-31 -350 Chief- 
tain crash, and a comparative study of the Chieftain crash and LaRC test data. 
Conclusions based on the field experience and study are also presented. 

Values are given in both SI and U.S. Customary Units. The measurements 
and calculations were made in U.S. Customary Units. 


NASA/PAA GENERAL-AVIATION CRASH DYNAMICS PROGRAM 

In August of 1972, Hurricane Agnes caused extensive flooding in the moun- 
tainous regions of Pennsylvania. The Piper Aircraft Corporation plant in 
Lock Haven, Pa., was one of many flooding victims of the Susquehanna River. 
Completed airplanes parked outside the plant, as well as many in various stages 
of construction, were flooded and rendered essentially unf lightworthy. The NASA 
Langley Research Center was fortunate, through the cooperation of Piper Aircraft 
Corporation and the PAA, to obtain 32 Navajo, Aztec, and Cherokee airplanes in 
various stages of completion. 

The idea of a research program for improving general aviation safety had 
already germinated at LaRC when these Piper airplanes became available. A large 
gantry called the Langley lunar landing facility, built in the early 1960*s to 
simulate lunar excursion module landings on the moon, was available for conver- 
sion to an aircraft crash testing facility. With some relatively inexpensive 
modifications, the structure was changed to a swing framework for full-scale 
crash testing of aircraft under 13 600 kg (30 000 lb) gross weight. The test- 
ing facility is now the Langley impact dynamics research facility (ref. 2). 

The testing technique has the unique feature of full release of the aircraft 
just prior to impact, simulating three-dimensional free-flight crash conditions. 

To date, standard Navajos (refs. 3 to 5) , pressurized Navajos, Cherokees, 
Cessna 172’s (ref. 8), and Boeing-Vertol CH-47 helicopters (refs. 9 and 10) have 
been crash-tested in the Langley impact dynamics research facility. Of all the 
tests conducted, the ones pertinent to this study are listed in table I together 
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fr^ss'^S! « sSoM u» 

variod Scorn 13 to 41 m/a (25 to Qo\notn»” ^5h^° ^^^^ht-path velocity 

7 « i!'^\ 7 knots) and horizontal impact velocities of 12 to 39 m/n 


s" jis •“" 

a soft field* ^ Impact surface approximating 


CHIEFTAIN CRASH 

®hT®”® J"^^'»^tLrotaSif 350-hp^ hp*'-^74fwf^ngiie8*’^®?igSe”^ 

c^Lra?%h^ CWeMa^tSM" Bll&TircSIre »e1hat 

u. u ' photograph does not have a pilot's door as did 

r~ is«-;';„i-si j;.';rs‘£ir.’'“ ■“ “« ~« 

r£“H r^””“ “'™ 

f” tBBBBBSBts tehlnd th* ote» Beats sat talJlMS 
seats sDunted on tracks directly, over the main spar and evanorator units of the 

trLJr mhfffef • '=*’B t»o rear ones, were attached to 

S whi<* £ii iLr??o^r "“f B^fohBd to the floor with detachable anchor 
pins wnicn fit into floor-mounted plates. The right rear seat also had hho 

etachable anchor pin/plate arranganent for rear attachment, but the front lea 
was formed of sheet metal and was attached to the floor with two bolts. ^ 

hifin than 20 eyewitnesses to this crash. The conposite descrio- 

♦•h ”fs?^ accident is that the airplane's attitude during climbout was hiah»^ 

tS°the‘^?ight ‘^oiSnrsf^’'\*'“^d *" (200 ft), the airplane rolled 

around af ® steeply downward, the airplane descended toward the 

^ ‘^own, and at impact the Sr plan's 

Sd^trfLT^d ground. The Chieftain bounced upon^i^mct 

and traveled approximately 24 m (80 ft) through the air before ImpaSJng ^Sn, 
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wming to coot about m (90 Ct) from tho initial imj«ct point. Tho iropaat 
torcain noocly level doooct with oparoo, sccubby bcuoh. The soil woo loooo 

f ««toc a depth oC approximately 

1 j cm (6 in.). The impact changed the oonpaotion of tho soil from a California 
bearing ratio (CBR) value of 23 to one of 9 at tho initial impact site. 

««t«rnal damage 

included looo of wing dihedral angle, left wing tip broken downward, failed 

undorctushing of tho nooc and cockpit with akin separation 
on both aides below tho windshields, in addition, the right side window lino 
was severely distorted with tho escape hatch missing and escape hatch frame 
skewed. There vrare splits in tho roof at the rear frame of the escape hatch, 
between the copilot window and the next rearward window, and also below the 
copilot window. The tall cone was broken down with a large separation at 
the forward frame of the rear door; a huge outward bulge occurred in the 
lower right rear side behind the wing; the cabin roof was wrinkled evidenc- 
ing cave-in. The left side of the cabin fuselage is relatively undamaged, 
and the empennage also remained relatively undamaged. 


The structural damage, the initial impact impressions, the interior seat 
and fl^r damage (discussed later), and the eyewitness accounts, all point to 

sequence; the airplane had a steep angle of descent and 
®^^ 9 htly rolled down to the right, slightly yawed tb the left, and 
slighUy pitched up just before impact; the initial contact was made by the 
Iwer fuselage on the right side opposite the rear cabin door; an instant later 
the rest of the fuselage impacted on its lower right side along with the level 
right wing; the left wing subsequently slapped down breaking the tip; the air- 
mans then became airborne again, traveling approximately 24 m (80 ft) before 
it impacted again slightly nose down, and slid approximately 3 m (1 0 ft). 

The interior measurements of the cabin taken at the main spar (fig* 4) 
indicate a 13-an (5- in.) lateral expansion and an 18-tan (7-in. ) drop in the 
ceiling. The actual changes of dimensions during the impact were probably 
substantially greater than the measured final dimensions. During the nose- 
down impact of the NASA test 7 specimen, the entire cockpit roof folded and 
caved in, only to uitfold instants later. 


The weights and seat locations of the occupants are shown in figure 5. 

Seats 1 to 8 stayed in place, and the lap belts retained the passengers. 

Seats 9 and 10 broke free of the floor. The passenger of seat 9 was thrown 
forward, coming to rest in the aisle between the crew seats and first row of 
passengers. Since passenger 9 was thrown forward and the lap belts were uncut, 
he was probably not wearing the lap belt. Passenger 10 was found in the rear 
of tho cabin with the seat back broken to the rear under the upper torso* After 
the crash, all lap belt buckle mechanisms were found to be operational. 


OOMPARATIVE ANALIJSIS OT* N44LV CHIEBTAIN CRASH DATA AND NASA TEST DATA 

Exterior Damage 

The damage to the nose of tho Chieftain (fig. 6(a)) resembles that of tho 
NASA test 8 spscimon (fig. 6(b)), a nose-do;yn impact. The 0.6-m (2-ft) exten- 
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Pto?Mr»nSa *" “"ta't"®' »£ th«a» t»o 

Lt 1 “ »“« MLcMon 

A loft-flldG viow of tho ChloCtain is shown tn figuro 7(a). This viow nh^wn 
tho tall-cono breakdown, roof doprossion, and broken wing Up The MAsi 
BIK»l.on oj tlpure 7(b) (b typical of tall-oono bltS 

n«..yb «^i9ht-8ldo View of the ChloCtain as shown In figure 8(a) shows the 

wing? TSls'^JdG^usoJage 1amage1s°LJ^ 

“* aopreastcn and allpht akowln, ot the 

In in the Chieftain's fuselage are shown 

! H* °®'^*^®®Ponding views showing tail-cone breakdowns in NASA 

(rig. 9(a)) contacted the impact surface slightly Ditched un «Pha t 

obylously in t).. aa« location aa the Ohlen!?"^ K!" sliuLty 
test e specimen, a tall-down impact (fig. 9(e)) shows’Bimlla?^dfi.nI 

?rretS?^r.r?ndZtifr^^^ 

oy^the"lh^:?tI;‘*i;dZkt:Se’”i^trnr!nTpe"i:r 


xncerior Floor Damage 

seats“’S^ siee^^ta^h^“S“‘jeL^'‘^\SrL“^^^ ?“L'SSSol°Li;!::i 


Figures 13 (a) and 13 (b) show the waviness of the cabin floor broken finer 
seat rails, crumpled substructure, and distortion of the right slL of 

e”n^ sth^rt^i^b?' ntr^^ge':™’^^ s^stff aJru°S"T.r“ 

z rt^sLrr^eartct ,‘r‘)’arnTr -if ^ 

Kh« test ,5 specimen in figure , 3 (e) had thrL:r^u:rrror«rr:^iineS! 

The rear cabin floor of the Chieftain /fi« i 4 /«w -u . 
area at the forward seat lea a«a nac i shows a depressed floor 

fra^ atthe'dri^^^j^t:; rxiSihr^j^n^ triSr^ii'"-^^’* 

-«rtloal step in the floor was deformed to abor JL‘toougr;he"J:ar 
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dooc of fcho NASA tQSfc 4 speolmon whloh ^usfcAlnod a noAcly level. Iropaat^^ ehowe 
considerable upheaval (fig. 14(b)), There wore no simulated passengers in this 
area and the floor was not covered with sheet metal. This was the initial con- 
tact area Cor the NASA tost 4 specimen and probably Cor the ChioCtain. The dlC- 
Ceronces in appearance are probably duo to tho lack oC seats and dummies and 
shoot-metal covering in NASA toot 4. 


Soat Damogo 

Both Boats 1 (pilot) and 2 (copilot)^ as shown in figure 15(a)» stayed 
firmly clamped to tho floor rails. The roar vortical frames wore bent forward 
approximately 30®. There was severe bending and fracturing of the side diagonal 
support tubes where they attach to the rear vertical frame. The seat cushions 
were folded downward in the center with the side frame members bent downward. 

The undertubing supporting the seat frames was also buckled. Similar damage 
has been seen in the NASA teets. Two pilot seats from NASA test 7 (fig. 15(b)) 
and NASA test S (fig. 15(c)), both of which were nose-down impacts, show bending 
and fracturing of the side diagonal support tubes. 

Passenger seats 3 and 4 (fig. 16(a)) were legless and sat over the main 
spar and air-conditioning evaporator units. These seats remained firmly clamped 
to the rails; however , they were tilted forward and downward as a result of col- 
lapse of the sheet-metal housing over the spar and evaporator units and the for- 
ward rotation of the spar (fig. 16(b)). Both seat pans (rubber diaphragm) were 

torn, and the seat frame of seat 3 was skewed. None of the NASA tests Included 
this seat . 

S®ats 5 to 8 were standard passenger seats of the type shown in figure 17 
with a Hj/torld II anthropomorphic dummy used in the NASA tests. The seat leg and 
frame arrangement can easily be seen in the photograph. 

Figure 18 shows that seat 5 was severely distorted forward, downward, and 
to the right. Only the right rear clamp remained attached; however, the sheet- 
metal leg nearly tore free above the clamp. The left floor rail fractured in 
three places •• at both the front and the rear leg attachment points and in 

between. The right rail was also fractured at the right front leg attachment 
point • 

Only the left front attachment clamp of seat 6 (fig. 19) came free of the 
rail. The seat legs collapsed in front, and the seat generally deformed to the 
right and down. This seat is discussed more fully later in the report. The 
floor rail had very sharp bends at the front leg attachment points. f 

Seats 7 and 8 are shown in figure 20(a). The right front and left rear leg 
attachments of seat 7 were separated from the rail. The seat legs collapsed in 
front, and the seat generally deformed to the right and down. The left floor 
rail was partially fractured at the front leg attachment point, and the right 
floor rail was completely fractured at a point between the leg attachment 
points. 
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to ths right, pcohably hooauoo of tho aiito fuoal ' 5 ‘otottton 

ttayob attaohod to tha tloor “all. ?’?• ““ '‘ 9 "‘ t»»t olamp 

forward. Tho floor **l^vo tho 

attaohmont polnta. This oo^t Iralint^d I/?'* at both front 

report, Tho roar raombor of tho float framo dotail lator in thin 

aopnratod on tho loft oldo. Piguro^ao ahown^‘’?^< ooroplotoly 

«9o ho tho «rot paaaohpor -ot rtSo'Ni,^tat1"al?^lan':! 

lott"’ TO° *™t l^'^pl“oS°bMkioS"S a" *'' 

f - ^sstiriorais 

plates exhibit damage from the^ins whioh^wLe iJ?? ’’*'® tiedowS 

similar seat on any of its tests. Polled out. NASA has not had a 

Passenger seat 10# th© 

(fig. 22 ) , The front legs were not aem* Crushed almost completely flat 
metal. Bolts held the seat to the front ® formed piece of sheet 
rear tiedown plates. The front sheet-meJi®?««V^®«® fitting into 

fro. Of hh, «at. None of tho NMA tost. {nvHC^ 

Chieftain wlth^soat°j'*ftOT*Nlls^Sah °* ’'“‘t 6 and 8 from the 

prcs.urls«l Navajo that J^d‘'“J!: ^ 15 .p,ol„e„ ^fa 

neatly l.v.1, «hioh causedtorLrJ^^,:^!?? “‘“i the l.Jt vino 

Chieftain*Se The weiahfcA ^®fo^^ination to be opposite that of fho ^ 

(158 ana ,88 = (’’•^eaSs':, h. 


(158 ana ,88 lb,; tes-^«l«irwe7:ranv°L="r ' "1= (”•’ anJM'.l h, 
(165 lb)) used in NASA test 15 . Althouah^thf^ 'height of the dummy 


" 

the damage are the same, the damaae'’la"l^r^''"°“®" ?*'® character is 

in the NASA test went do^ ?Louar^L accident case. The 

ter Of the aeat frame was tenrSoiJiLf aJS wH =««tlon, the tsar 

tee^ right aide. A similar fslu.ro SL^r “2 

the first passenger *iJ'^r™'HASA*te 8 r}rfl^ histories of the pelvis of 

tlon of the floor near the right front lea normal accelera- 

ex^rienced peaks of - 62 g normal the seat. The dummy pelvis 

and - 15 g transverse (right sideiard)’ with^a llillh ^°?/°'' 9 ibudlnal (forward), 
0.06 sec. (Ig o 9.8 m/sec 2 .) The normal J ‘^“‘^^tion of approximately 
the right front leg of the seat wL^fS?^ P®®'< at the floor nLr 

mately 0.04 sec. Table ii gives a duration of approxi- 

acceleration data from all the naL Sata^ P^^^binent passenger seat 

and section 2 (ref. li) werr^rtfrat .^*'® *"®®^® ^^sted as section 1 
sections ,.5 m (5 ft) long. The“”ts^L stendard Navajo fuselage 

end - -- » 

of those measured on the first Pa'slawTS S^le^rrs!"^'’"^ *" 
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AhCtQK 0 aonjAcit© ceviow oC the data Cccro the NAO/V/E'Aft QenecaX Aviafcion 
CKaah DvnamlcB Pcogtain an4 oorapasiaon with feha inCocmatlon on the ocaan os 
tho Plpor PA-31-3S0 CbleCtain, tho SoUowlng oanpaeattvo oonoluslons aro raaoe 
baaed on expocionoo and judgmon&i 

1. The ChioCtaln’a attitude Just ptlot to Impact wan eUghtly pltehod up, 
flUghtly soiled down to tho sight, and olightly yawed to the left. The alr- 
plano initially contacted the nearly level tetsain at a location along the 
lower fiaelage on tho right aide oppooito the teat door. An instant later the 
cost of the Cusolago and tho level right wing impacted tho terrain. Tho air- 
plane bounced approximately 24 m (80 ft) and probably impacted on the nose a 
second time slightly pitched down. The airplane came to coot approximately 

27 m (90 ft) from the initial impact point. 

2. The structural damage to the cabin of the Chieftain was similar to, but 
much neater than, that to airplanes in any of the NASA tests at Similar impact 
attitudes. This suggests that the vertical and horizontal velocities in the 
S^ftSn crLh exceeded the 21 m/s (41 knots) and 39 m/s (76 knots) maximum 
wtloal and horizontal velocities, respectively. In the NASA controUed tests. 
The marked similarity between the structural deformations observed on the 
crashed Chieftain and those observed on similar «l«Planes 

trolled conditions at the Langley Research Center indicates that a good Simula 
tlon of actual crash conditions is being achieved in the crash tests. 

3. The pattern of damage to the standard passenger and crew seats ^ the 
Navajo Chieftain was similar to that In the NASA tests, but generally showed 
more severe distortion indicative of a higher velocity Impact. 

4. The peak pelvic accelerations of passengers 6 and 8 were ^obably 
In excesrof^Og S^rmal, 40g longitudinal, and lOg transverse. TMs 

is based on a direct coaparison between damage observed on seats 6 and 8 or 
the Chieftain and seat 3 of the airplane in NASA test 15. 

crash test data such as photographs, motion S^cture^ 
torles, and tested airplanes can be correlated wl^ and te used 
actual accident Information to better define crash conditions and the sever- 
ity of loads Imposed on the occupants of an airplane during a crash. 


Langley Research Center 

National Aeronautics and Space Adnlnlstratlon 
Hampton, VA 23665 
August 23, 1979 
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1978 Piper Chieftain. 




L- 78-61 67 


Figure 2 


(a) View from rear. 

Interior of C.iieftaln commuter. 






















Figure 7.- View of left side of crashed- airplanes 




















Figure 9,- Right rear quarter view of crashed airplanes. 











'<3) NASA test 4 standard Navajo. 
Figure 9.- Continued. 













(c) NASA test 3 standard Navajo 







Figure 1 2,- Control-tunnel structural 


L-75-9109.1 

standard Navajo 


damage of NASA test 8 

















r damage of nssa test 7 standard Havaio. 
Figure f3,— Continued. 
































Figure 17 



Hybrid II anthropomorphic dummy seated 
Navajo passenger seat. 


L-79-3074 
in standard 


47 



















Comparison 






Chieftain and seat 3 from NftSA test 15 pressurized Navajo^ 
Figure 23.- Concluded. 



rol vlH noma I (alon^ npino) 








ilHlilillilliiillllife ijkl'Mi • •:.•! 

Pelvis longitudinal (perpendicular to spine, fote and aft) 


I ■ 


: ! ; 15 




Pelvis transverse (perpendicular to spine, sideward) 


Floor normal (near rlglit front leg of seat) 


histories from first p.,asengor and floor of NASA 
test j, (dc accelerometers; data digitized and filtered with least- 
squares polynomial fit.) " ' 







